CHAPTER 4. ENG NEERI NG AND OPERATI ONAL | SSUES

Engi neeri ng and operational issues include the nechanics of obtaining
data, analyzing the data, and deciding on a plan of action to solve a
particul ar solid waste handling problem This chapter addresses the follow ng
i ssues:

solid waste generation

t echnol ogi es for

- handl i ng and storage of waste

- col l ection of wastes

- transfer and transport of waste

- landfill design and operation

- processi ng techni ques and equi pnent

resource recovery and recycling

wast es requiring special handling

hazardous wastes that may enter normally nonhazardous waste streans.

4.1 GENERATION OF SOLI D WASTES

4.1.1 The Resource Conservation and Recovery Act defines solid wastes
as:

"Any garbage, refuse, sludge froma waste treatnment plant, water
supply treatnment plant, or air pollution control facility and ot her
di scarded material including solid, Iiquid, senisolid, or contained
gaseous material resulting fromindustrial, conmercial, mning, and
agricultural operations and fromcomunity activities, but does not
i nclude solid or dissolved material in donestic sewage, or solid or
di ssol ved materials in irrigation return flows or industria

di scharges whi ch are point-sources subject to pernmits under Section
402 of the Federal Water Pollution Control Act, as amended (86
Stat. 880), or source, special nuclear, or byproduct material as
defined by the Atom c Energy Act of 1954, as anended (68 Stat.
923)."

4.1.2 The types and quantities of solid wastes generated will vary
geographi cally and seasonally. Mlitary installations often have uni que
activities that generate wastes not found in ordi nary nunicipal wastes.
Furthernore, populations at mlitary installations do not follow a nornal
growm h pattern because the growth is controlled by m ssion requirenents.
Consequently, determ ning accurate annual waste generation rates would require
a survey at the installation in question.

4.1.3 A know edge of the quantities and characteristics of solid wastes
to be disposed of is inportant since these factors affect:

1. nethod and frequency of pickup



2. viability of transfer stations

3. method of disposal to be selected (e.g., incineration, landfilling,
etc.)

4. size and/or throughput capacity of the disposal facility required

5. environnental inpacts at the disposal |location (e.g., types of
potential air or water pollutants)

6. viability of Resource Recovery and Recycling Prograns (RRRP)
7. potential for waste reduction/m ninmnzation

4.1.4 Solid waste types and quantities generated for a nmlitary
installation can best be determ ned by neans of a field survey. |If resources
are unavail abl e to conduct such a survey, estimates can be made based on
exi sting solid waste generation data for other sinilar installations.

4.1.5 Solid Waste Types. The types of solid waste that can be expected
to be generate at various naval installation sources are presented in Table
4-1A. Although the information is dated, it illustrates the variability in
wast e conposition that can be expected depending on the primary function of an
installation. Solid waste conposition and quantities that can be expected
fromvarious sources are presented in Tables 4-1B and 4-1C.

4.1.5.1 Figure 4-1A conpares one Navy survey with a State of
Washi ngt on survey. The difference in conposition is significant. Figure 4-1B
breaks down the Washi ngton data by classification of generator as either (1)
residential, (2) manufacturing, or (3) comrercial/institutional. Again,
significant differences are apparent.

4.1.5.2 The figures presented are not neant to be used as design
figures for any particular installation. The inmportant point of the infornma-
tion is that both composition and quantity of solid waste will vary
significantly depending on the |location and the function of the nilitary
installation. Froman historical standpoint two trends were noticed: (1)
total generation rates increased over tine and (2) the conposition is noving
toward nore plastics in all streans.

4.1.6 Waste Quantities. Table 4-18 shows reported average per capita
solid waste generation rates for mlitary installations as a whole. The table
al so conpares mlitary versus civilian generation rates.

4.1.6.1 The variability of the data in Tables 4-1B and 1C infers
that accurate nunmbers can be determ ned only by conducting several surveys at
the site in question. A quick nmethod woul d be to check delivery records at
the final disposal site. Mre accurate nethods are discussed in Appendix F

4.1.6.2 For mlitary installations in general, waste generators can
be conveniently categorized into 11 groups.
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Average Daily Waste Generation Rates from M Ilitary and Mini cipa
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Navy Survey 1984

Food Wastes
Paper
Cardboard
Plastics
Texules
Rubber
Leather “
Garden Tnm
Wood

Glass

Tin Cans *

Nonferrous metais #
Ferrous Metals
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Disposable Diapers #

DOE0R0SDDE0OSENN

*Includes garden trimmings
# Segments not shown:
{unknown or <1%)

Total Wastes
State of Washington 1987
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Disposable Diapers
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FIGURE 4-1A
Comparison of Naval Data with State of Washington Data
on Solid Waste Composition
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Residential Wastes
Washington State 1987

1,821,000 Total tons

Manufacturing Wastes
State of Washington 1987

221,000 Total tons

Commercial Wastes
Washington State 1987

1,076,300 Total tons

Total Wastes
State of Washington 1987

l Food Wasles
Paper

l Cardboard

L] Plastics

Textiles

Rubber

Leather

Garden Trim.

wood

Glass

Tin Cans

Nonferrous metals

Ferrous Metals

Dirt. Ashes. Brick

Disposable Diapers

5,260,000 Total tons
Includes 1,177,000 tons recycled plus
963800 tons self-hauled waste

FIGURE 4-1B

Breakdown of State of Washington Data by Category of Generator
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Resi denti al

Most residential waste is garbage (food wastes). Next foll ows paper
then gl ass, nmetal, and miscell aneous.

Conmi ssari es and Exchanges

The bul k of the wastes at conmi ssaries and exchanges is clean, high-
quality corrugated containers and is excellent material for resale or
recycling.

Cl ubs and Messing

Wastes from clubs and nmess halls consist of paper, plastic wap,
cans, bottles, and food preparation trimm ngs exclusive of bones and
fat. Wet garbage is generally disposed of in the installation
sanitary sewer systemthrough garbage grinders, while grease, bones,
and fat are collected separately and sol d.

Admi ni strative Offices and Cl assroons
Solid wastes from of fices and cl assroons consi st mainly of paper
I ndustrial Wastes

These wastes are generated during overhaul of ships, aircraft, and
ot her vehicles. The wastes are highly variable in quantity and
nature. Mich of the material is metal and can be treated as
recycl abl e scrap.

Construction/ Landscapi ng Wast es

Lunber, broken concrete, and other building materials are frequently
taken to special landfill areas reserved for that type of waste. The
“Reserved” area can be adjacent to a regular landfill. The separa-
tion results because construction debris often requires different
controls and different covers.

Mot or Pool Wastes

This category includes autonotive, vehicular, and aviation ground-
support equi prent repair and mai ntenance activities. The solid
wast es generated fromthese facilities consist primarily of paper and
cardboard, along with some quantities of nonreusabl e wooden crating
and packaging materials. Qs and greases generated in these
facilities are handl ed separately, while nmetals and broken parts are
general ly segregated fromthe solid waste stream and di sposed of as
scrap. Used tires and batteries are al so cormon waste material s.

Medi cal Wastes

The principal wastes from hospitals and di spensaries include garbage,
paper, and trash; surgical, |aboratory, and autopsy wastes; outdated
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medi ci ne, and noncomnbusti bl es such as cans and bottles. Some of
t hese wastes present physical, toxicological, or pathol ogica
hazards. Appropriate guidelines for handling these materials are
provided in Section 4.4.

9. Mlitary Activity Wastes

Wast es generated during naneuvers include wastes sinmilar to ness
facilities plus other wastes such as spent ammunition. Ammunition
shells are frequently recycled and reused. Oher wastes created on
maneuvers are sel dom col | ect ed.

10. Foreign Garbage

Ships coming into port will have stored aboard the trash generated
while the ship was at sea

Most of the waste is unusabl e garbage foll owed by paper, netal,

gl ass, and other. Aircraft and ships returning fromforeign ports
must have all solid waste of f-1oaded and incinerated or sterilized
prior to disposal.

11. Litter

Roadway barrow pits, beaches, and recreation areas are frequent
repositories for litter. Mst is netal cans or |oose paper. Laws do
exi st against littering but strict enforcement is not yet practical

Wastes fromall these sources have sone recycl abl e conponents. Econonics
presently dictates which materials are recycl ed.

4.2 TYPES OF TECHNOLOG ES

4.2.1 This section discusses various options for the handling of solid
wastes. Topics start fromsolid waste storage at generation sites and end
with ultimte disposal. Recycling issues are presented in detail

4.2.2 Several nmethods of waste reduction and di sposal are available to
mlitary installations. Each provides varying degrees of productivity to the
overall refuse collection and di sposal process; and their relative nerits
shoul d be assessed based on | ocal conditions and |ocal, state, and federa
policies with respect to solid waste managenment. The nethod or conbi nation of
met hods chosen nust prevent nui sance and health hazards by controlling certain
agents and conditions, rodents, odors, air pollution, surface water and
groundwat er pol luti on, and spread of pathogens and hazardous gases. Selecting
t he appropriate disposal nethod shoul d be based on | east cost where such
studi es are conclusive while in accordance with |local, state, and federa
requi renents.

4.2.3 Handling and Storage at CGeneration Site

4.2.3.1 Storage requirenents for solid wastes are spelled out in
t he Federal Regul ation 40 CFR 243. Excerpts follow
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(a) Al solid wastes (or materials which have been
separated for the purpose of recycling) shall be stored in
such a manner that they do not constitute a fire, health,
or safety hazard or provide food or harborage for vectors,
and shall be contained or bundled so as not to result in
spillage. Al solid waste containing food wastes shall be
securely stored in covered or closed containers which are
nonabsor bent, | eakproof, durable, easily cleanable (if
reusabl e), and designed for safe handling. Containers
shal |l be of an adequate size and in sufficient nunbers to
contain all food wastes, rubbish, and ashes that a
resi dence or other establishment generates in the period
of time between collections. Containers shall be
mai ntained in a clean condition so that they do not
constitute a nuisance, and to retard the harborage,
feedi ng, and breeding of vectors. Wen serviced, storage
containers shall be enptied conpletely of all solid waste.

(b) St orage of bul ky wastes shall include, but is not
limted to, renoving all doors from |l arge household
appl i ances and covering the item's) to reduce the probl ens
of an attractive nuisance, and the accunulation of solid
wast e and water in and around the bul ky itens.

(c) Reusabl e waste contai ners which are enpti ed nanual |y shal
not exceed 75 pounds (34.05 kg) when filled, and shall be capabl e of
bei ng serviced without the collector coning into physical contact
with the solid waste.

4.2.3.2 Data on types and sizes of containers used in various
applications are given in Tables 4-2-3A and B (Tchobanogl ous, Thei sen, and
El i assen 1977). Table 4-2-3B provides information so the proper container can
be selected for a particular location. Figure 4-2-3A shows several nedium
capacity solid waste containers.

4.2.3.3 The requirement for waste containers will reflect the
characteristics of the source including the rate of waste generation, density
of popul ati on, and ease of access to both the generating installation and
coll ection system Proper selection of containers will increase productivity
and shoul d provi de reasonabl e benefits to both the discarding unit and to the
col l ection installations.

4.2.3.4 Location of Containers. Traditionally, containers at
mlitary installations have been located in one of two places: curb or alley,
or central collection locations. The use of other |ocations nmust be supported
by an economi c or environmental analysis. Central |ocation collection
provi des greater productivity in the collection process; however, greater
costs for equi pnent are inherent. Aesthetics is an inportant consideration in
selecting a site location for any container(s).

4.2.3.5 Receptacle Stands. Suitable stands for refuse receptacles
at pickup stations are essential for efficient and econom cal collection
operations. Discarding units segregate refuse and police the pickup station



for the Onsite Storage of Solid Wastes

TABLE 4-2-3A
Data on the Types and Sizes of Containers Used

Capacity Di mensi ons(1)
Type Unit Range Typi cal Uni t Typi ca
Smal | :
Cont ai ner, plastic or gal 20- 80 30 in. 20D x 26H (30 gal)
gal vani zed netal or
wheel ed
Barrel, plastic, gal 20- 65 30 in. 20D x 26H (30 gal)
alum num or fiber
Di sposabl e paper bags
St andard gal 20-55 30 in. 15Wx 12d x 43H (30 gal)
Leak resistant gal 20-55 30 in. as above
Leakpr oof gal 20-55 30 in. as above
Di sposabl e pl astic bag in. 18Wx 15d x 65H (10 ft?9)
Medi um
Cont ai ner yd? 1-10 4 in. 72W x 42d x 65H (4 yd®)
Large:
Cont ai ner
Open top, roll off yd? 12-50 --(2) ft 8Wx 6H x 20L (35 yd?®)
(al so called debris
boxes)
Used with stationary yd? 20- 40 --(2) ft 8Wx 6H x 18L (30 yd?®)
conpact or
Equi pped with sel f- yd? 20- 40 --(2) ft 8Wx 8H x 22L (30 yd?®)
cont ai ned conpaction
mechani sm
Contai ner, trailer-
nmount ed
Open top yd? 20-50 --(2) ft 8Wx 12H x 20L (35 yd?
Encl osed, equi pped yd? 20- 40 --(2) ft 8Wx 12H x 241 (35 yd?)
with sel f-contained
conpacti on mechani sm
(1) D = dianmeter, H = height, W= width, d = depth

(2) Size varies with waste characteristics and | oca

Note: gal x 0.003785 = n?
in. x 2.54 = cm
yd® x 0.7646 = n?¥
ft x 0.3048 = m

site conditions.
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Top Loading Top and End Loading
{4 Cubic Yards) (4 Cubic Yards)

Low Top and End Loading High Top and End Loading
(6 Cubic Yards) (6 Cubic Yards)

FIGURE 4-2-3A
Medium-Capacity Refuse Containers
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Adequat e receptacle stands are an aid to good housekeepi ng. Schedul ed
spraying for control of insects and rodent-control neasures must be
establ i shed as required by prevailing weather conditions. The follow ng
gui delines apply to receptacl e stands.

I locate receptacle stands at established pickup stations only.

1 Stands for garbage cans are constructed in conjunction with a can-washi ng
facility at mess halls, service clubs, and exchanges. Because of the
| ow-1 oadi ng hei ght of nost conmpactor trucks, do not place these stands on
porches or | oadi ng docks.

Because of the height of multiple containers, they are nore easily | oaded
when pl aced adjacent to a | oading dock or platformand | oaded through
their top doors. Whenever possible, locate the receptacle stand for this
ki nd of container in such a position.

Buil d stands | arge enough to accomopdate enough receptacles to neet
installation requirenments for segregation of materials.

Concrete stands are easily cleaned and sel domrequire nmai ntenance. Wod
stands are not satisfactory at nmess halls or other |ocations where food
is dispensed. Existing wooden stands will be replaced with concrete

st ands whenever replacenment or major repairs are required. On paved
areas, construction of separate stands is not normally required. Do not
encl ose receptacle stands. Screened stands are difficult to keep cl ean
and also create a fly-breeding environnent. |n sonme instances, a
shelter over the can stand nay be desirable to protect the cans and
contents from becom ng wet during rainy weather. Stands shall be at
least 30 cm (12 in.) above grade. Stands or pads shall acconmpdate the
wheel - bearing | oad of | oading vehicles.

4.2.3.6 Washing Facilities

4.2.3.7 Can Washing. Wash all cans as often as necessary for
sanitation. Garbage cans do not require sterilizing, but grease and food
particles serve as a source of food for insects and rodents and nust be
renoved to prevent a health hazard. Central can washing has generally proven
to be an uneconom cal operation both in nmanpower and trucks required to hau
cans to and fromthe nmessing facility and the can-washing plant. |ndividua
can-washing facilities are authorized for construction for ness halls,
restaurants, service clubs, and exchanges. Can washing facility drain |lines
are connected to a sanitary sewer via a grit/grease trap

4.2.3.8 Can-washing facilities at ness halls shall be conveniently
| ocated, in accordance with the following criteria: a concrete washing pad
not less than 6 ft by 6 ft in size, surrounded by a low, raised curb to
prevent overflow of wash water, and piped to the central drain having a
grease trap and connected to the sanitary sewer. Hot water (not to exceed
140°F) may be piped to the washing pad where the kitchen has sufficient
heated water to neet all normal kitchen and can-washing needs. Suitable
backfl ow and cross connection prevention shall be provided on all water
lines.



4.2.3.9 Miltiple Container Washing. Miltiple containers cannot
satisfactorily be cleaned by the use of personnel at ness halls and simlar
facilities. The nultiple container cleaning facility shall be centrally
| ocated on the route between the disposal facility and the source of refuse
materials. Locate the facility where water and sewerage are conveniently
avai l able. A high-pressure (1000-1200 psi) hot water source or steam cl eaner
can be provided with discharging the drainage directly to the sewer. For
installations requiring them this area is also a good location for a foreign
garbage steam sterilization facility.

4.2.3.10 Provide a concrete slab with proper drainage and of
adequate size for the intended service and nunber of vehicles that nmay use the
washing facility at the sane tinme. The wash water fromthe can-washing
facility needs to be collected and treated as wastewater. Shelter for the
washing facility is not required. Whether using hot or cold water, a booster
punp to give high pressure will facilitate washing. Fittings to introduce
liquid soap or detergent into the hose stream may be desirable. Since refuse
contai ners are considered adequately cl eaned when the food particles have been
renoved, they do not require sterilizing. Containers used for storage of
putrescible materials shall be schedul ed for regul ar cl eaning, and other
contai ners on an as-required basis.

4.2.3.11 The same washing facility may al so be used at the end of
the day for washing the collection vehicles.

4.2.3.12 Portable Cleaner. An option to the centralized cl eaning
facility is a portable high-pressure cleaning system These units wll
m ni mze capital cost expenditures but mght require nore | abor than the
central cleaning |location. Portable equipnment that sanitizes dunpsters,
washes heavy equi pment, cleans latrines, and can be used to recover liquid
spills is comrercially avail abl e through several sources.

4.2.4 Collection of Solid Wastes

4.2.4.1 Collection equi pnent and associ ated costs can vary
dependi ng on whether the di sposal fee is based on weight or volune. |If the
fee is based on $/ft3 then conpaction equipnent can frequently be justified.
The specification of collection equipnent shall be a cooperative effort anong:
(1) the base civil engineer, (2) the procurenent office, (3) the contract

of fice, and (4) the nmaintenance shop. The four parties will each have
di fferent but valuable facts on price and reliability of existing equipnent.
Al'l inputs are needed to specify quality replacement itens.

4.2.4.2 The primary federal guideline for solid waste collection
is 40 CFR 243. It specifies the collection equipnent requirements, design
procedures, and operating procedures. Those itens are excerpted bel ow.

Col I ection Equi prent Requirenents

Al'l vehicles used for the collection and transpor-
tation of solid waste (or materials which have been
separated for the purpose of recycling) which are con-
sidered to be operating in interstate or foreign comrerce
shal |l neet all applicable standards established by the
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federal governnent including, but not Iimted to, Mtor
Carrier Safety Standards (40 CFR 390-396) and Noi se

Enmi ssion Standards for Mdtor Carriers Engaged in Inter-
state Commerce (40 CFR 202). Federally owned collection
vehi cles shall be operated in conpliance with Federa
Mot or Vehicle Safety Standards (49 CFR 500-580).

Al'l vehicles used for the collection and trans-
portation of solid waste (or materials which have been
separated for the purpose of recycling) shall be enclosed
or adequate provisions shall be made for suitable cover
so that while in transit there can be no spill age.

The equi pnent used in the conpaction, collection
and transportation of solid waste (or materials which have
been separated for the purpose of recycling) shall be
constructed, operated, and maintained in such a manner as
to minimze health and safety hazards to solid waste
managenment personnel and the public. This equi prent shal
be maintained in good condition and kept clean to prevent
t he propagation or attraction of vectors and the creation
of nui sances.

Col I ection equi pmrent of the foll ow ng types used for
the collection, storage, and transportation of solid waste
(or materials which have been separated for the purpose of
recycling) shall nmeet the standards established by the
American National Standards Institute (ANSI Z245.1, Safety
St andards for Refuse Collection Equi pment) as of the
ef fective date(s) established in ANSI Z245.1:

rear -l oadi ng conpacti on equi pnent

si de-1 oadi ng conpacti on equi pnent
front -1 oadi ng conpacti on equi pnent
tilt-frame equi pnent

hoi st-type equi pment

satellite vehicles

speci al collection conpaction equi pnent
stationary conpaction equi pnent.

VWhenever possible, enclosed, netal, |eak-resistant
conpactor vehicles shall be used for the collection of solid
wast es.

Saf ety devices, including, but not limted to the
foll owi ng shall be provided on all collection vehicles:

exterior rear-viewnrrors

back-up Iights

four-way energency flashers

easily accessible first aid equi pnent
easily accessible fire extinguisher
audi bl e reverse warni ng device.



If crew nenmbers ride outside the cab of the collection vehicle for short
trips the vehicle shall be equipped with handhol ds and platforms big enough to
saf eguard agai nst sli ppi ng.

Vehicl e size shall take into consideration: |ocal weight and height
limts for all roads over which the vehicle will travel; turning radius; and
| oadi ng height in the unl oading position to insure overhead cl earance in
transfer stations, service buildings, incinerators, or other facilities.

Engi nes which conserve fuel and minimze pollution shall be used in
coll ection vehicles to reduce fuel consunption and air pollution

Recommended Operation Procedures

Col I ection vehicles shall be maintained and serviced according to
manuf acturers, recommendations, and receive periodic vehicle safety checks,
i ncluding, but not linted to, inspection of brakes, w ndshield w pers,
taillights, backup lights, audible reverse warning devices, tires, and
hydraulic systens. Any irregularities shall be repaired before the vehicle is
used. Vehicles shall also be cleaned thoroughly at |east once a week.

No person shall work, walk or stand under el evated truck/containers.

Solid waste shall not be allowed to remain in collection vehicles over
24 h and shall only be left in a vehicle overnight when this practice does not
constitute a fire, health, or safety hazard.

Solid wastes (or materials which have been separated for the purpose of
recycling) shall be collected with frequency sufficient to inhibit the
propagation or attraction of vectors and the creation of nuisances. Solid
wast es which contain food wastes shall be collected at a m ni num of once
during each week. Bul ky wastes shall be collected at a mi ni num of once every 3
nont hs.

The mini mum col | ection frequency consistent with public health and
safety shall be adopted to mninmize collection costs and fuel consunption. In
establishing collection frequencies, generation rates, waste conposition, and
storage capacity shall be taken into consideration

When solid wastes are separated at the point of storage into various
categories for the purpose of resource recovery, a collection frequency shal
be desi gnated for each waste category.



The coll ection of solid wastes (or materials which have
been separated for the purpose of recycling) shall be
conducted in a safe, efficient manner, strictly obeying al
applicable traffic and other laws. The collection vehicle
operator shall be responsible for i mediately cleaning up
all spillage caused by his operations, for protecting
private and public property from damage resulting fromhis
operations, and for creating no undue disturbance of the
peace and quiet in residential areas in and through which he
oper at es.

Records shall be maintained detailing all costs
(capital, operating, and mai ntenance) associated with the
coll ection system These records shall be used for
schedul i ng mai nt enance and repl acement, for budgeting, and
for system eval uati on and conpari son.

The col |l ection system shall be reviewed on a regul ar
schedul e to assure that environnmental |y adequate,
econoni cal, and efficient service is naintained.

Solid waste collection systens shall be operated in a
manner designed to minimze fuel consunption, including but
not limted to, the follow ng procedures.

I Collection vehicle routes shall be designed to mnimze
driving distances and del ays.

Col l ection vehicles shall receive regul ar tuneups,
tires shall be mmintained at recomrended pressures, and
conpaction equi pment shall be serviced regularly to
achi eve the nost efficient conpaction.

Conpactor trucks shall be used to reduce the nunmber of
trips to the disposal site.

When the distance or travel time fromcollection routes
to disposal sites is great, transfer stations shall be
used when cost effective.

Resi dential solid waste contai ners which are serviced
manual |y shall be placed at the curb or alley for
col | ection.

For commercial wastes which do not contain food wastes,
storage capacity shall be increased in lieu of nore
frequent collection.

4.2.4.3 Collection Equi prent

4.2.4.4 Solid waste collection and transportation to the di sposal
site accounts for 70%to 80% of the total cost of solid waste managenent



(Tchobanogl ous, Thei sen, and Eliassen 1977). To establish vehicle and | abor
requi rements for various systens and net hods, the unit tine to perform each
task must be determined. Details of critical definitions and cal cul ation
procedures are given by Tchobanogl ous, Theisen, and Eliassen (1977). The
anal ysis revol ves around the concept of stationary container Systems (nost
conmon practice) versus haul ed container systens. The conceptual differences
become apparent after exam nation of Figure 4-2-4A. One exanple analysis
showed that the haul ed contai ner system could save significant collection
costs for round-trip haul distances |less than 10 niles.

4.2.4.5 Table 4-2-4A gives size ranges for containers used in each
schene. Table 4-2-48 is a conpanion table and shows data on typical vehicles
used in garbage collection. Figures 4-2-4B through 4-2-4G are sketches of
some of the avail abl e garbage collection vehicles specified in Table 4-2-4B.
The chain-1ift type rear hoist truck (Figure 4-2-2G is inefficient and is
bei ng phased out in the mlitary. The fork-lift type, rear container hoist
type truck is no | onger being procured. For those remaining in service,
repl acenment consists of ordering a cab and chassis to mount the lift mechani sm
on. Use of rear-|oading conpaction equi pnent depicted in Figures 4-2-2D and E
is not recomrended because the operation is expensive and | abor-intensive.
I nstead, the automated side | oader and contai ner handling systemin Figure
4.2.2F is recommended. Specifications for collection vehicles nust be
specific for the type of frame, transm ssion, engine, brake system
differential, and body and for specialty itens such as rear-viewi ng TV,
conmuni cati ons equi pnent, tires, and any special controls.

4.2.4.6 Operating Records

4.2.4.7 Keep accurate operating records for each collection truck
assigned to the refuse collection system Departnent of Arny Form 3916 (Daily
Log of Truck Trips for Refuse Collection and Di sposal ) has been designed for
this purpose in the Arny; Form 1453 (Refuse Collection and Disposal report)
for the Air Force; the Navy does not have a standard formfor this. Truck
drivers fill in the formdaily, noting the size of each load (full, three-
quarters, one-half, or one-quarter) or nunber of 32-gal garbage cans carried
on each trip. The supervisor collects the reports, converts the size of |oad
to cubic yards, and makes a nmonthly consolidati on of these data on DA Form
3917 (Refuse Collection and Disposal) for the Arny, and the Air Force uses AF
Form 1452, Daily Log of Refuse and Sal vage Col |l ecti ons.

4.2.4.8 For reporting purposes, the standard workload unit for
collecting refuse and sal vage is the cubic yards of unconpacted material. The
met hod for conputing the quantities to be reported for each type of collection
equi prent i s given bel ow

4.2.4.9 Conpaction Type. Load the vehicle body with nmeasured
quantities of the | oose refuse materials being handled at the installation
in a mnner simlar to the way it is |oaded during the normal refuse

collection operation. It is inportant that the materials and nethod be
representative of the daily operations; otherw se, the conpaction factor, and
consequently the reported daily volunes of refuse, will be in error. The

total quantity of unconpacted material that is placed in the truck body when
di vided by the rated (nmeasured di nensions) capacity of the truck body will
gi ve a conpaction factor for the specific materials collected and the
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Pickup Loaded Container

Container Deposit Empty Container

Location .
Drive to Next Container

3
Truck to Dispatch

Station - End of
Daily Route

Truck from
Dispatch Station -
Beginning of

Daily Route
Haul Loaded
Container
Haul Empty
Container to Transfer Station, Processing Station,
Onginal Pickup or Disposal Site (contents of
Location container are emptied)
(a) Conventionatl Mode
Deposit Empty Container
Container from Previous Location and
Location Pick Up Loaded Container
Truck with

Empty Container
from Dispatch

Station - Beginning Truck with

of Daily Route Empty Container

to Dispatch
Station - End of

Haul Loaded Daily Route

Container from

Location 1 \

Haul Empty Transfer Station, Processing

Contaimner Originally Station, or Disposal Site

at Location 1 to

Location 2

{b) Exchange Container Mode

FIGURE 4-2-4A
Comparison of Hauled and Stationary Container Concepts
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TABLE 4-2-4A

Typi cal Data on Contai ner Capacities Avail able
for Use with Various Collection Systens

Typi ca

Col | ection

Vehicl e

Range

of Cont ai ner
Cont ai ner _Type Capacities,

yd?®

Haul ed cont ai ner systens
Hoi st truck

Tilt-frame

Truck-tractor

Stationary contai ner
syst ens

Conpactor, mechanically
| oaded

Conpactor, manual ly
| oaded

Used with stationary conpactor
Open top, also called debris boxes
Used with stationary conpactor

Equi pped with sel f-contai ned conpaction
mechani sm

Open-top trash-trailers
Encl osed trail er-nmounted contai ners

equi pped with sel f-contai ned conmpaction
mechani sm

Open top and encl osed top and si de-
| oadi ng

Smal | plastic or gal vani zed netal

cont ai ners, di sposabl e paper, and pl ast
bags
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FIGURE 4-2-48B
Half/Pack Front Loader

FIGURE 4-2-4C
Full/Pack Front Loader
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FIGURE 4-2-4D
Mid-Range Rear Loader
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FIGURE 4-2-4F
High-Compaction Rear Loader
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FIGURE 4-2-4F
Automated Side Loader and Container Handling System

FIGURE 4-2-4G
Hoist Truck




particul ar truck body. This conpaction factor when nultiplied by the vol unme
of material collected daily will give the cubic yards of unconpacted refuse
and sal vage to be reported. btain conpaction factors for as nmany ki nds of
refuse materials as are being collected on the installation. Verify these
factors periodically and as required by changes in proportions or composition
of refuse and sal vage materi al s.

4.2.4.10 Dunp trucks and multiple containers. Since there is no
conpaction device on special purpose vehicles such as dunp trucks or multiple
contai ners, the nmeasured size of each |oad delivered to a disposal facility or
transfer station will be the reported cubic yards collected in these vehicles.

4.2.4.11 Garbage cans, 32-gal size. Approximately six full 32-ga
gar bage cans are equivalent to a cubic yard. The quantity collected in cans
will be computed on the basis of the nunber of cans serviced and the degree to
whi ch the cans are filled.

4.2.4.12 Periodic weighings. Verify volunmetric estimtes and supply
usabl e data when eval uating the resource recovery potential of the
installation by periodically weighing containers.

4.2.4.13 Frequency of Collection
4.2.4.14 Depending on the rate of generation, type of waste, and
ot her considerations, collection may be nade on a schedul ed route basis or on

an unschedul ed demand or call basis.

4.2.4.15 The following factors will be considered and evaluated to
determ ne the frequency of collection fromeach pickup station

I types of refuse materials to be collected (garbage, ashes,
conbusti bl e or inconmbustible rubbish, or any conbination

t her eof)

I nethods of disposal (sanitary fill, incinerator, burning pit,
of f-post or contract disposal. and sal vage coll ection and
di sposal)

I requirenments of service at installations (ness hall, barracks,

quarters, exchange or club, warehouse, shop, or storage facility)

I | ocal geographical and climatic conditions (arctic, tenperate,
tropical, dry or hum d, high or |ow el evation)

1 season

types of storage and coll ection equi pnent avail able and in use
(compactor trucks or nultiple container equipnent).

4.2.4.16 Keep frequency of collection to the m ni mum possi bl e and
still maintain sanitary conditions. Recomrended frequencies are



dining facilities - daily

fam |y housing - once/ week

trash, ashes, debris - once/week

i ndustrial activities - on demand basis

transfer stations - daily and on denand are both conmmon.

4.2.4.17 Col |l ection Point

4.2.4.18 A collection point consists of two elenments: a container
and a location for the container. The type, size, and | ocation of containers
shal |l be determ ned first when designing or nodifying a collection system The
sel ection of the collection point is the responsibility of the base civi
engi neer.

4.2.4.19 Provide adequate and suitable containers at each pickup
station. Suitable containers are cans, druns, bins, or sinilar portable
receptacles with tight-fitting lids that contain the contents and odors. For
manual |y hoi sted containers, fully |oaded container weight shall be Iimted to
75 Ib. In selecting a site for storage containers, aesthetics is an inportant
consi derati on.

4.2.4.20 Establish collection points easily accessible to collection
trucks and not nore than 300 ft fromthe source of refuse material. Provide
separate stations at the follow ng | ocations:

I ness halls, exchanges, clubs, and simlar facilities where
food is handl ed, stored, or dispensed

temporary barracks

separate famly quarters

multiple famly quarters.

4.2.4.21 Curbside or service-drive solid waste collection will be
used in fam |y housi ng unl ess another system gives a cost or environnental
advantage to the governnent. Use of other than curbside or service-drive
col l ection nmust be supported by an econom c or environnental analysis. It
will be retained in installation records.

4.2.4.22 Separate Collection

4.2.4.23 Wen solid wastes are separated at the point of storage into
various categories for recycling or resource recovery, collection frequency
shal | be designated for each waste category.

4.2.4.24 There are obvious advantages when all refuse can be
collected at one time. Conbined collections, which reduce handling and truck
trips and permit maxi mum use of collection vehicles, are strongly recomended.
The ultimate method of disposition, resource recovery potential, and the
degree of separation dictate the need for separate collections. Separate
collections are generally made for the follow ng conditions:



I |[f incineration is used, bulky refuse itens and nonconbusti bl e
rubbi sh, such as glass, |large quantities of conputer cards,
etc., shall be collected separately and not delivered to the
i nci nerator.

Solid waste that is recyclable or suitable for resource recovery
shal |l be collected separately.

After incinerator ashes have been quenched or sufficient tinme has
el apsed to ensure cooling of the ashes, they shall be collected
separately.

4.2.4.25 \When segregation is required, materials are generally
separated as foll ows:

4.2.4.26 Hog-food garbage. This operation nust conformto state and
| ocal health authority requirements. Drained hog-food garbage is placed
separately in covered 32-gal garbage cans. It includes kitchen |eftovers,
pl ate wastes, lettuce |eaves, pea hulls, corn cobs, vegetable tops, and rinds
and peelings fromother than citrus fruits. This material is typically
di sposed of through the kitchen garbage grinder if not sold.

4.2.4.27 Ot her garbage and rubbish. Al other garbage and rubbish
are placed in covered 32-gal garbage cans or large nultiple containers. They
i ncl ude drained coffee grounds, citrus fruit rinds, seafood and poultry
wast es, food w appi ngs, carbon and stencil paper, rubbish from barracks, and
simlar unsal able items. When refuse is disposed of by incineration, such
nonconbustible materials as dirt, glass and crockery, metals, and ot her
m neral refuse nust be segregated and placed in separate containers.

4.2.4.28 Spent cooking grease and trap grease. These itens are
pl aced in separate covered 10- or 16-gal garbage cans. To elimnate the
possibility of spilling when the cans are handl ed during collection, do not
fill the cans nore than 4 in. fromthe top

4.2.4.29 Bones and neat trinmngs. Wen nmeat cutting is perfornmed at
nmess halls, bones and neat trimm ngs are placed in covered 32-gal garbage cans
and are generally sold as sal vage.

4.2.4.30 Sal vabl e paper, cardboard, and kraftboard. Sal vabl e paper
items are tied and stacked at one end of the pickup station. They shall be
protected fromthe weat her because they |ose sal vage val ue once they have
gotten wet.

4.2.4.31 Separated solid waste materials. Store so that they are not
a fire, health, or safety hazard and do not provide food or harborage for
di sease vectors (flies, nosquitos, rodents). Contain or bundle wastes to
prevent spills.

4.2.4.32 Social Requirements
4.2.4.33 Store solid waste containing food waste securely in covered

or closed containers that are nonabsorbent, |eakproof, durable, easily
cl eanabl e, and desi gned for safe handling.
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4.2.4.34 Storage of bul ky wastes shall include renmoving doors from
| arge househol d appliances and covering the itens to reduce:

I any problem of an "attractive nuisance"

I accumul ati on of other waste and water in and around the bul ky
itens.

4.2.4.35 Reusabl e waste containers enptied by hand nust not exceed
75 I b when filled. Collectors should not come in physical contact with the
wast e.

4.2.4.36 Procurement specifications for nultiple containers shal
establish conformance with DoD Mlitary Specifications ML-R-2395C unl ess such
contai ners are unavail able or superior containers are desired.

4.2.5 Transfer and Transport

4.2.5.1 Types of Transfer Stations

4.2.5.2 There are several types of transfer station systens comonly
enpl oyed. These are briefly described bel ow

4.2.5.3 Direct Dunp to Container. This is the npst basic and sinple
formof transfer system This systemis enployed when small vol umes (100 yd?®
or less) of solid wastes are handled. Container volumes range from about 15
to 55 yd® Full containers are replaced with enpty ones, and the ful
container is transported to the disposal site by tilt-frame trucks. This type
of systemis advantageous because of |ow capital costs and sinple |oading
met hods. However, because of the low solid waste densities (about 200 | b/yd?®)
obt ai ned, spare containers may be required to handl e incom ng waste during
peak periods. Also, there are potential hazards associated with this nethod,
i ncluding | eachate generation due to rainfall into the open box and the
possibility of someone falling into the contai ner while unloading the solid
wast e.

4.2.5.4 Dunp into Trailer. Wth this method, solid waste i s dunped
froman elevated area into trailers instead of drop boxes. It is nore
conmonly used than the drop box system Trailers are available to handle up
to and even over 130 yd® Open-top trailers are less expensive initially and
require | ess nmaintenance than the alternative conpactor trailer types.
Di sadvant ages of trailer systens are the sanme as for the drop box systens
except haul costs are | ess because of the |larger payload. There are severa
met hods commonly enpl oyed to feed waste into transfer trailers, including:

I Direct Dunmp. Wth this nethod, solid waste is dunped directly
into the trailer fromthe collection vehicle froman el evat ed
ranped area (see Figure 4-2-SA).

Dunp to Storage Pit. For this system solid waste collection
vehicles dunp directly into a storage pit where the waste
materials are crushed by crawl er tractors and then pushed over
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the | edge of the storage area into the trailer. This nethod
is generally enployed where solid waste quantities delivered
exceed 500 yd® per day.

Dunp to Tipping Floor. This method is simlar to the storage
pit method, except solid wastes are dunped onto a tipping
floor rather than a storage pit, crushed by craw er tractors,
and pushed into the trailer (see Figure 4-2-5B). This method
is used effectively when solid waste delivery rates range from
100 to 500 yd® per day.

4.2.5.5 Once the solid waste is in the trailer, it is generally
| evel ed and further conpacted by a backhoe or similar tanping device.

4.2.5.6 At the disposal site, various nethods are used to unload the
trailers, with the nost efficient being the live bottomtrailer. The floor of
these trailers consists basically of a conveyor or other active type
fl oorsystem whi ch, when activated, automatically unloads the trailer

4.2.5.7 Dunmp into Hydraulic Conpaction Units. These systens are
general |y enpl oyed only at |ocations where solid waste delivery rates exceed
500 yd®per day. |In a hydraulic conpaction system a transfer trailer is
backed into position and | ocked to a stationary conmpactor firmy anchored in a
concrete foundation. The conpactors used are |arge, heavy-duty units capable
of handling nost materials and producing the waste densities necessary to
obt ai n maxi mum | egal payl oads. During operation, solid waste is | oaded to the
conpactor from a hopper and the hydraulically powered reciprocating ram of the
conpactor forces the refuse horizontally through the door in the rear of the
transfer trailer. At the disposal site, the entire rear section of the
transfer trailer is opened and the waste pushed out by an ejection ram
Because this systemrequires that the transfer trailer be attached to the
conpactor, any hydraulic conmpaction system prohibits the use of drive-through
arrangenents.

4.2.5.8 There are several nethods of feeding waste to the conpactor
hopper:

I direct dunmp into the hopper

I dunmp into a hydraulic push-pit equipped with a hydraulically
activated ram which automatically feeds waste into the hopper

dunp into a storage pit or tipping floor where waste is crushed and
pushed into the hopper by a wheel |oader or crawl er tractor

dunp into an inclined conveyor which automatically feeds waste
into the hopper.

4.2.5.9 Table 4-2-SA presents a sumary of transfer station systens
available for use at military installations, including advantages and
di sadvant ages of each system
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4.2.5.10 Environnmental Inmpacts. The environmental inpacts
associated with the transfer and hauling of unprocessed solid waste include

! noise

I air quality

1 odor

I traffic congestion
I litter

i nsects and rodents
wat er cont ani nati on.

4.2.5.11 Noise. Sources of noise at the transfer station include
t he operation of collection and transfer vehicles, and any | oadi ng and/ or
conpacti ng/tanmpi ng equi prent .

4.2.5.12 Air Qality. Ar quality inpacts include idling of
col l ection vehicles during dunmping operations, exhaust from operation of front
end | oaders or craw er tractors, and dust generated by the unl oadi ng of
col l ection vehicles and haul vehicles. Site users/workers are exposed to dust
especi al ly when stations are encl osed; however, an enclosed station decreases
the inmpacts on the surrounding conmunity.

4.2.5.13 (Odors. Objectionable odors can occur when m xed solid
wast e contai ning organic matter accumul ates in an environment conducive to
putrefaction. To mnimze odors, the waste receiving area at the transfer
station shall be designed and staffed to handl e peak day | oads with adequate
time for a thorough daily cleanup

4.2.5.14 Traffic Congestion. Traffic to and fromthe transfer
station may cause congestion on nearby streets and intersections. Also, haul
operations can cause significant congestion thereby slow ng station
operations. Scheduling of collection and transfer truck trips to avoid peak
traffic hours can reduce this problem

4.2.5.15 Litter. The site shall be fenced to contain any bl ow ng
litter, and a daily litter cleanup procedure shall be included in the
operation plan. All solid waste transferred to and unl oaded at the site shal
be covered to minimze the problem Haul trailers do not generally contribute
to littering because the solid waste is usually conpacted or conpletely
contai ned inside the truck

4.2.5.16 \Water Contami nation. Water pollution inmpacts stemm ng
fromrainfall into the transfer containers or washdown of the transfer station
area and of the transport vehicles can be nmitigated by collecting and
channeling runoff waters to a sewer system or by collecting and treating the
runof f prior to disposal. The potential for water pollution during the hau
operation is insignificant.

4.2.5.17 Transfer Station Siting

4.2.5.18 Factors to consider when evaluating alternative transfer
station sites, include the foll ow ng:

1. type of transfer systemto be enpl oyed
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2. collection and transfer vehicle access

3. availability of proposed site for use as a transfer station

4. size of site required for initial transfer station operations and for
possi bl e future expansion of transfer station operations or
construction of resource recovery facilities

5. proposed future surrounding | and use

6. existing facilities adjacent to proposed site

7. environnental inpacts (e.g., visual, odors, etc.)

8. foundation conditions

9. <central to existing and proposed future collection areas

10. proximty to existing or projected future disposal |ocation

11. pernitting requirenents.

4.2.5.19 These factors can be used in establishing criteria for
judging the relative nerits of each alternative site.

4.2.5.20 Permtting. Itens 2 and 9 are the npst inportant
considerations. Pernmitting requirenents vary fromstate to state. |n sone
states pernmits are not yet required. 1In others (e.g., New Jersey) transfer
stations are viewed as waste disposal sites. Procedurally, permitting the
transfer stations is no different than permitting a landfill, incinerator, or
recycling center. Less total paperwork may be required for establishing a
transfer facility, but the nunber of steps is the sane.

4.2.5.21 Transfer Station Costs
4.2.5.22 The follow ng cost factors nust be consi dered:

Capital Costs

bui I di ng

| and

transfer tractors and trailers
wheel or track | oader

| evel i ng and tanpi ng equi pnent.

Annual Costs
I transfer vehicles

- operation & maintenance (0&N)
- taxes, licenses, and insurance



! | abor

bui |l di ng anortization

transfer station O&M (e.g., utilities, etc.)

I transfer station equipment 0&M (e.g., track dozer).

4.2.5.22 Once these costs are devel oped, a conparison between
direct haul and collection vehicle can be made and the nost viable system
sel ected. Figure 4-2-SC presents a generic graph of a cost conparison between
direct haul and transfer haul

4.2.6 Sanitary Landfill Design and Operation

4.2.6.1 GCeneral. Sanitary landfilling is an engineered solid waste
di sposal process which nmnimzes the environnmental hazards and nui sances of
| and di sposal. Solid waste is delivered to a carefully selected and prepared
site, deposited into a trench or controlled area, conpacted, and covered with
soil or other material daily. Landfills must conformto EPA and/or state
requirements. Potential regulations at the state and federal |evel would
require double liners with | eachate collection and groundwater nonitoring for
all new | andfills.

4.2.6.2 Sanitary landfills have advantages not compn to nost ot her
met hods of refuse disposal: they do not require |arge operating crews; they
can receive all categories of solid wastes, except hazardous waste; they can
accommodate | arge fluctuations in the daily accumul ation of refuse w thout
addi ti onal personnel or equipnent; and they provide reasonabl e control of
vectors and pol lution.

4.2.6.3 The sanitary landfill is capable of accepting a wide variety
of solid waste types. Nearly all rubbish, garbage, trash, ashes, solid
organi ¢ waste, and m scell aneous solids may be di sposed of safely. Mst
donestic-type solid waste can be di sposed of w thout presorting, or in
conbination with the follow ng solid waste reduction techniques:
i ncineration, baling, compacting, or shredding.

4.2.6.4 Certain waste products are not appropriate for sanitary
landfill operations. These include hazardous waste; toxic substances;
liquids; untreated infectious waste; and volatile, explosive, or flamrable
wast es. Measures shall be taken to ensure that these solid waste products are
not delivered to the landfill site. Plans for separation and renoval of
accidental deliveries shall be kept current.

4.2.6.5 Sanitary Landfill Design. The objectives of a |andfil
design are to (1) ensure conpliance with pertinent regul atory guidelines/
requi rements; (2) provide adequate present and | ong-term protection of the
environnent; (3) achieve cost-efficient utilization of site manpower,

equi prent, vol une, and soil; and (4) direct and gui de operators toward proper
construction and operation of the landfill. This section provides gui dance on
desi gn considerations for a sanitary landfill to achi eve these objectives.

4.2.6.6 Regulations and Permts. Mny regulatory and approving
agencies require pernits before a landfill can be constructed or operated. A
conceptual landfill design is generally an integral part of the application
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for such permts. Accordingly, all pertinent agencies shall be contacted
early in the design phase to take the foll owi ng steps:

identify regulations inmpacting on the prospective |andfil
determ ne the extent, detail, and format of the application
obtain pernmt application fornms and ot her background information.

4.2.6.7 Two permits relevant to landfills are identified and
mandat ed by these criteria:

1. NPDES (National Pollutant Discharge Elinination System pernmit (402
and 404) required for location of a landfill in waters of the United
States. It is also required for any point source discharges from
sanitary landfills, such as fromleachate collection systemns.

2. Arnmy_Corps of Engineers pernit required for the construction of any
| evee, dike, or other type of containment structure to be placed at a
sanitary landfill located in waters of the United States.

4.2.6.8 Permt requirements of state and |local regulations vary

dependi ng on jurisdiction. 1In sone areas, only one pernit is needed. O her
states may require several separate permits or stipulate that a new sanitary
landfill proponent coordinate with several agencies.

4.2.6.9 Sanitary landfill regulations can be the responsibility of

one or nore state agencies. Appendix D lists the various state agencies
(i ncl udi ng addresses and tel ephone nunbers) responsible for solid waste
di sposal activities in those states.

4.2.6.10 Local regulatory agencies may include one or nore of the
fol |l owi ng:

environnental and heal th departnents
pl anni ng and/ or zoni ng comm ssi ons
board of county conmi ssioners
bui | di ng departnents

hi ghway departnments

fire departnents.

4.2.6.11 The revi ewi ng agency nay require the submttal of
i nformati on on standard fornms or in a prescribed format in order to facilitate
the review process. This process can take at least 1 nonth and usually 6 to
12 months or | onger, depending on the degree of controversy and opposition
After a permit is issued, it can be valid for various durations, depending
| argely upon the submittal of nmonitoring results and performance reports and
the results of periodic onsite inspections.

4.2.6.12 Site Selection. Selection of an appropriate site on the
installation is the nost critical step in establishing a sanitary |andfil
facility. Site selection criteria shall include cost, availability of |and,
availability of cover material, inpact on natural resources (i.e., wildlife,
endanger ed species, ecological sensitivities, etc.), topographic features and
hydr ogeol ogi ¢ consi derations, environmental and pollution hazards, and socia



and aesthetic consideration. The process of site selection shall involve
specialists fromnilitary, local, state, and federal agencies as appropriate.

4.2.6.13 Site characteristics. Various sites on an installation may
be available for sanitary landfill operations. These sites shall be screened
by the facilities engineer to deternmine which is the nost advantageous, using
various site characteristics.

1. Land availability. Installation planning docunents shall be
consulted in order to screen the sites. Also, |egal considerations,
i ncluding the investigation of |egal burdens, title restrictions, and
ot her possible jurisdictional blocks to the use of various sites for
landfill operations, shall be reviewed. Land area requirements vary
significantly with the type of landfill operation and characteristics
of land, conpaction, and volunme of waste generated by the
installation. Figure 4-2-6A provides estimtes of vol une of
conpacted solid waste.

2. Cover material availability. Consider the availability and
suitability of cover materials. Mdst well-graded soils are suitable
for daily cover, but not for intermediate or final cover and should
exist at the site or be inmediately available to the site. The
quantity of cover material will vary with the design characteristics
of the site. Typical waste:cover ratios of 4:1 to 2:1 are used.

3. Proximty. Landfill siting shall constitute a bal ance between
adequat e di stance from housi ng and work areas and econoni cal hauling
di stances. The landfill shall be sited at least 750 ft from
i nhabited buildings and so that prevailing winds are away fromliving
areas, where practical. Also, landfills nust not be sited within

10,000 ft of any point of any airfield servicing jet aircraft or
within 5000 ft of an airfield servicing only piston aircraft.

4. Roads. Sites shall be accessible to appropriate vehicles by all-
weat her roads | eading fromthe public road system

5. Underground structures. Sites traversed by pipelines or conduits for
sewage, stormmater, etc., shall be rejected unless the relocation or
protection of the pipelines or conduits is feasible. These pipelines
may serve as pat hways for gas and | eachate. Plans for maintenance
and repair of protected pipelines must be devel oped.

6. Flood plains. Landfills cannot be sited within the 100-year fl ood
pl ai n.

4.2.6.14 Topography. Specialists shall evaluate alternative sites
fromthe viewpoint of pollution hazards and possi bl e environment al
degradation. MIlitary agencies and | aboratories such as the Facilities Housing
Support Agency, U. S. Arny Construction Engi neering Research Laboratory, Nava
Cvil Engineering Laboratory, Naval Energy and Environnental Support Activity,
U S. Arny Waterways Experinent Station, U S. Arny Environnental Hygiene
Agency, Air Force Engineering and Services Center, and others can provide
addi ti onal technical guidance in these areas.
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1. Surface water. Surface water that infiltrates the cover soil can
i ncrease the rate of waste deconposition and eventually cause
| eachates to | eave the solid waste and create water pollution
problems. This problemcan be mninized by rejecting sites
contai ning surface water features, diverting upland drai nage, and
designing facilities with sufficient grade and slope to allow surface
water runoff. Sites shall be selected on. the basis of a
geohydrol ogi cal eval uation of surface water problens.

2. Terrain. A sanitary landfill can be constructed on virtually any
terrain; however, some |land features require extensive site
i mprovenents and expensive operational techniques. The best terrain
consists of flat or gently rolling |l and not subject to flooding.
VWi | e depressions such as canyons and ravines are nore efficient than
flat areas, cover material may not be available. Also, specia
difficulties may occur in depressions and control of surface waters
may be difficult. Such manmade features as strip mnes, quarries,
and open pit mines can often be safely and economically reclai ned by
the government as sanitary landfills. Some offer excellent
protecti on agai nst | eachate pollution, while others require nore
ext ensi ve inprovenents. Terrain features that shall exclude a site
for consideration include the foll ow ng:

a. hilltops and other similar |and forns

b. highly perneabl e and porous areas such as gravel beds
c. swanps and marshes

d. natural drainage channels

e. wildlife sanctuaries

f. floodpl ains

g. land having karst features such as |linmestone formations which
can lead to the formation of sinkhol es and depressions

h. steep sl opes.
4.2.6.15 Hydrogeol ogi cal Characteristics

4.2.6.16 Liner Systems: Soil and Menbrane (Robinson 1986). Both the
need to protect the environment and regul atory agency requirenments have
resulted in the installation of liners at the base of many landfills. The
l[iner's purpose is to limt the nmovenent of |eachate through the base of the
[andfill and into the underlying formations. Many materials and techni ques
have been tried in an effort to prevent |eakage at a reasonabl e cost.

4.2.6.17 The liner must endure chenical and physical attack mechani sns.
Many chenicals found in | eachate have the potential to damage liner nmaterials.
Al so, the liner nust not fail structurally during installation or fromthe
strain of the solid waste.



4.2.6.18 Liner materials include soils and, in particular, clay soil
adnmi xed liners, flexible polynmeric menbranes, sprayed-on |inings, soi
seal ants, and chemni cal absorptive liners. The purpose of the liner is to
prevent the nmovenment of water and its associated contam nants through the base
of the landfill and into the underlying formations. The liner may be fabri-
cated in one of two ways. It may be constructed onsite, such as when soi
materials are placed and conpacted, or it nmay be a manufactured flexible
menbrane placed on the site during construction

4.2.6.19 Many landfills have had clay liners placed at their base.
Clay mnerals may be kaolinite, illite, or nontnorillonite. A typical clay
will contain one or nore of these clay minerals and possibly will be m xed
with other fine-grained soil materials such as silt. Clay minerals have a | ow
hydraulic conductivity and therefore will significantly retard the novenment of
any | eachate through them Perneabilities for npbst soils containing greater
than 25%clay are in the range of 10® cm's to 10°° cm's.

4.2.6.20 Clay liner thicknesses of 5 ft (1.5 n) or greater have been
required at sonme sites. The success of the clay liner will not only depend
upon its original characteristics, but also upon the nmethod of liner installa-
tion. Best results are achieved by placing several individual |ayers or
lifts. Each lift is conpacted before the next layer is placed. The degree of
conpaction achieved will be a function of the conpacting equi pnent, the
t hi ckness of the lift, and the moisture content of the soil. The soi
noi sture content is a significant factor. Soil that is either too dry or wet
will be less than optimm for conpaction.

4.2.6.21 Admixed liners are fornmed-in-place liners. These include
asphalt concrete, soil cenent, soil asphalt, and bentonite clay liners. The
liners are formed by nmixing the lining material with the natural soil at the
base of the landfill. The resultant mixture hardens or nodifies the charac-
teristics of the soil material to provide a |l owperneability barrier. Each of
t hese approaches has been enpl oyed successfully in the lining of inpoundnents.

4.2.6.22 Flexible polyneric menbranes are manufactured materials that
are 0.020 to 0.120 in. (0.51 to 3.0 nm thick. The liner material is
manuf actured in rolls that are 48 to 96 in. (1.2 to 2.4 mM w de and hundreds
of feet long. A uniform bedding material, such as sand, is placed at the base
of the landfill prior to the installation of the Iiner. The particle size of
t he subgrade material usually should be less than 3/4 in. (19 nmm). The base
grade on the liner should be a mnimmof 2%if gas release frommaterials
beneath the liner is anticipated. Gas vents may al so be necessary in order to
adequately allow release. The liner is installed by unrolling the sheets of
pl astic and then using specialized equipment to form bonded seans between the
i ndi vi dual sheets. The liner is usually extended up the side of the landfil
to the ground surface where it is anchored.

4.2.6.23 Soil sealant and chemically absorptive liners are two ot her
approaches that have been used on a linmted basis for retardi ng the novenent
of the materials through the base of inpoundnments. These approaches are al so
being tested for use in landfills.

4.2.6.24 Goundwater. G oundwater pollution hazards are deternined
by exami ning annual fluctuations in the depth of the water table. A site
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shall be rejected if the highest historical |evel of the water table is too
close to the | owest point of the sanitary landfill. This condition is usually
specified by state regul ati ons/gui dance or during permt review. Because the
conditions affecting groundwater problenms are so conplex, it is essential that
i nvestigation of the landfill site include an evaluation by a qualified
groundwat er hydr ol ogi st .

4.2.6.25 Soil. Soil conditions nust be suitable for preventing
groundwat er pol lution, for excavating and covering the fill, and for vehicle
access. Mdst soil types can be used for cover material; however, well-graded
soils are preferable to other types because of better conpactability and
workability in all weather conditions. The nost ideal soils are silt and clay
soils, which restrict | eachate and gas nmovenent. Peat, granular, and highly
organi c soils shall not be utilized for landfills because they contain a |arge
amount of voids and are difficult to conpact. Types of materials used for
cover material are dependent on the type of |eachate control systemused in

the landfill. Final cover may consist of soils, natural or synthetic liners,
or chemically or physically anmended earthen materials underlying at |least 6
in. of topsoil or other soil that will sustain the growth of vegetation. The

cover material shall have a perneability of 1 x 10°%to 1 x 107 cm's. Federa
and state regul ations shall be consulted to deternine the exact requirenments
for the specific state in which the landfill is |ocated.

4.2.6.26 Ot her considerations. The relationship of the potentia
landfill site to other installation activities nust be consi dered.

1. Aircraft. Sites shall not be located in the vicinity of nmlitary or
civilian airfields, where birds attracted to the landfill facility
could pose a hazard to aircraft. Birds are dangerous to aircraft
because they can ruin jet engines and cause aircraft to crash. The
proper distances froman airport runway can be obtained from
federal /state regul ations or guidance. A landfill shall not be
| ocated with 10,000 ft of the closest point of any runway at any
airport subject to regulation by the Federal Aviation Adm nistration
(FAA) which may be used by turbo-jet aircraft or within 5000 ft of
any runway of any such airport used only by piston engine type
aircraft unless it has been deternined by the FAA that the proposed
landfill poses no safety hazard to aircraft in the vicinity. State
regul ati ons should al so be consulted as they may be nore restrictive
t han FAA regul ations.

2. Social consideration. Potential socioeconomc effects of a site
shoul d be determ ned. Sites shall be selected away from human

activity where possible to avoid odor and noi se nui sances, litter
and public safety hazards associated with the landfill site and
traffic.

3. Uilities. The site shall have access to electricity, sanitary
services, and water. Tel ephone or radi o conmunications are al so
desi rabl e.
4.2.6.27 Methodol ogy
4.2.6.28 Adherence to a carefully planned sequence of activities to
develop a landfill design minimzes project delays and expenditures. A
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checklist of design activities is presented in Table 4-2-6A, to aid in

pl anni ng the design effort. These activities are listed in their genera
order of performance, but the order can vary considerably fromsite to site
and fromjurisdiction to jurisdiction, depending on specific conditions.

4.2.5.29 As shown in Table 4-2-6A, initial tasks consist of conpiling
exi sting information and generating new information on solid waste
characteristics and site conditions. A listing of possible sources for
existing information is shown in Table 4-2-6B. A sumary of methods to obtain
new i nformation is shown in Table 4-2-SC

4.2.6.30 Throughout the design phase, it is advisable to periodically
contact regul atory agency representatives to ensure that the design will neet
any new requirenents and procedures for permt application subnittals. (A
sanmpl e of docunentation requirements for the State of Virginia Is included in
Appendi x A.) Mintenance of close liaison with state and | ocal regul atory
of ficials throughout the design effort is normally hel pful in securing a
permt without excessive redesigns, especially at a time when environnmental
protection | egislation and regul ati ons are rapidly changi ng.

Two general types of design packages are prepared for a sanitary landfill:
1. Conceptual (prelimnary) design plan
2. Construction design plan and specifications.

4.2.6.31 Conceptual design plans normally consist of the follow ng

el ements provided in sufficient detail to describe proposed filling plans to
regul atory agencies and the public. The conceptual design can also serve as a
guide for landfilling operations in the event that design construction

drawi ngs are not required.
1. Conceptual design plans include:

a. An installation map showi ng existing site conditions. The nap
shall be of sufficient detail, with contour intervals of 1 ft to 5
ft and a scale of 1 in. =50 ft to 1 in. = 200 ft, depending on
the steepness of the terrain and size of the landfill,
respectively.

b. A site preparation plan |locating the areas and depths desi gnated
for cover soil excavation and soil stockpile deposits. Also shown
are site facilities locations such as structures, access roads,
and utilities.

c. Devel opment plans showing final filling and excavation contours.
Devel opnment plans shall show interim (4- to 6-year) filling and
excavation contours if a long-lived site is planned.

d. Elevations showi ng cross sections to illustrate excavati on and
landfill surface devel opment at several |ocations across the fill.
Cross sections shall be prepared for each phase of the devel opnent
plan (i.e., interimand final).



Step

TABLE 4-2-6A
Solid Waste Landfill Design Checkli st

Task

Determ ne solid waste quantities and characteristics

a. Existing
b. Projected

Conpil e existing and generate new site information.

a. Perform boundary and topographic survey.

b. Prepare base map of existing conditions on-site and near-site:

(1) Property boundaries
(2) Topography and sl opes
(3) Surface water

(4) Uilities

(5) Roads

(6) Structures

(7) Land use.

c. Conpil e hydrogeol ogical information and prepare |ocation map:

(1) Soils (depth, texture, structure, bulk density, porosity,

permeability, degree of conpaction, noisture, ease of

excavation, stability, pH and cation exchange capacity)

(2) Bedrock (depth, type, presence of fractures, |ocation of

surface outcrops)

(3) Groundwater (average depth, seasonal fluctuations,

hydraulic gradient and direction of flow, rate of flow,

quality, uses).
d. Conmpile climatol ogi cal data:

(1) Precipitation

(2) Evaporation

(3) Tenperature

(4) Number of freezing days
(5) Wnd direction

e. ldentify regulations (federal, state, and local) and design

st andar ds:

(1) Loading rates

(2) Frequency of cover

(3) Distances to residences, roads, and surface water
(4) Monitoring

(5) Roads

(6) Building codes

(7) Contents of application for permt.
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Step

TABLE 4-2-6A

(cont’ d)
Task
Design filling area:
a. Select landfilling method based on:

(1) Site topography and sl opes
(2) Site soils

(3) Site bedrock

(4) Site groundwater.

b. Specify design di mensions:

(1) Trench wi dth, depth, length
(2) Cell size

(3) Cell configuration

(4) Trench spacing

(5) Fill depth

(6) Interimcover soil thickness
(7) Final cover soil thickness.

c. Specify operational features:

(1) Use of cover soi

(2) Method of cover application
(3) Need for inported soil

(4) Equiprent requirenents

(5) Personnel requirenents

(6) Asbestos burial area

(7) Special waste disposal

Design facilities:

Leachate controls

Gas controls

Surface water controls

Access roads

Speci al wor ki ng areas
Structures

Uilities

Fenci ng

Li ghting

Washr acks

Moni toring wells

Landscapi ng

Debris control

Met hane col l ection and control s
Li ner and | eak detection system
Fire fighting

Scal es.
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TABLE 4-2-6A

(cont’ d)
Step Task
5 Prepare desi gn package:

a. Develop prelimnary site plan of fill areas

b. Develop landfill contour plans
(1) Excavation plans - including benches
(2) Sequential fill plans
(3) Conpleted fill plans
(4) Fire, litter, vector, odor and noise controls.

c. Compute solid waste storage volunme, soil requirenent vol umes,
and site life

d. Develop final site plan show ng:

(1) Local area

(2) Normal fill areas

(3) Special working areas
(4) Leachate controls

(5) Gas controls

(6) Surface water controls
(7) Access roads

(8) Structures

(9) Uilities

(10) Fencing

(11) Lighting

(12) Washracks

(13) Monitoring wells

(14) Landscaping

(15) Debris or litter controls
(16) Prevailing w nds.

e. Prepare elevation plans with cross sections of:

(1) Excavated fill
(2) Conpleted fill
(3) Phased devel opnent of fill at interim points.

f. Prepare construction details:

(1) Leachate controls

(2) Gas controls

(3) Surface water controls

(4) Access roads

(5) Structures

(6) Monitoring wells

(7) Debris or litter controls.



TABLE 4-2-6A

(Cont’ d)
Step Task
5 g. Prepare ultimate | and use plan (take into account future use
(cont’ d) of land when filling is conplete):

h. Prepare cost estimte

i. Prepare design report

j. Prepare Environnental Assessnent

k. Submit application and obtain required permits

1. Prepare operator's manual



TABLE 4-2-6B
Sources of Existing Information

Ceneral I nfornmation Specific I nfornmation Sour ce
Base Map Gener al County road depart nment

City, county, or regiona
pl anni ng depart nent

U. S. Geol ogi cal Survey (USGS)

of fice or outlets for USGS map
sal es (such as engi neering supply
stores and sporting goods stores)

U. S. Department of Agriculture
(USDA), Soil Conservation Service
(SCS), surveyors and aeria

phot ographers in the area

Topogr aphy and USGS t opogr aphi ¢ maps
Sl opes

USDA, ARS (Agricultural Research
Service), SCS aerial photos

Land Use City, county, or regiona
pl anni ng agency

Veget ati on County agricul tural departnent

Agriculture departnment at |oca
uni versity

Soi l's Gener al USDA, SCS, district managers,
Local Extension Service

USGS reports

Geol ogy or Agriculture

Depart ment of |ocal university
Bedr ock Gener al USGS reports

State Ceol ogical Survey reports

Pr of essi onal geol ogists in the
area

Geol ogy Department of |oca
uni versity

Groundwat er Gener al Wat er supply depart nment
USGS wat er supply papers

State or regional water quality
agenci es

USDA, SCS

State or federal water resources
agenci es

Local health depart nent



| nf or mAt i on

Base Map

Soil s

Bedr ock

Gr oundwat er

TABLE 4-2-6C

Field I nvestigations for

Specific I nfornmation

Property boundari es
Topogr aphy and sl opes
Surface water
Uilities

Roads

Structures

Land use

Veget ati on

Dept h

Texture

Structure

Bul k density

Porosity
Permeability
Moi sture

Ease of excavation
Stability

pH

Cati on exchange capacity
Dept h

Type

Fractures

Sur face outcrops

Dept h

Seasonal fluctuations

4-50

New | nf ormati on Genera

Met hod and Equi pnent

Field survey via transit
Field survey via alidade

Field survey via alidade

Field survey via alidade
Field survey via alidade
Field survey via alidade
Field survey via alidade
Field survey via alidade

Soi |l boring and conpilation of boring
| og

Soil sanpling and testing via
sedi nentati on nethods (e.g., sieves)

Soi |l sanpling and inspection
Soil sanpling and testing via
gravimetric, gamma ray detection

Cal cul ati on using volume of voids and
total volune

Soil sanpling and testing via
pi ezoneters and |ysinmeters

Soil sanpling and testing via oven
dryi ng

Test excavation with heavy equi pnent

Test excavation of trench and | oadi ng
of sidewall or Hveem stabilineter

Soil sanpling and testing via pH
nmet er

Soi |l sanpling and testing

Boring and conpil ati on of boring |og
Sanpl i ng and i nspection

Field survey via alidade or Brunton

Field survey via alidade or Brunton

Well installation and initia
readi ngs

Well installation and year-round
readi ngs



TABLE 4-2-6C

(cont’'d.)
Gener al
| nf ormati on Specific Information Met hod and Equi pnent
Hydraul i c gradi ent Cal cul ati on based on perneability
and hydraulic gradient
Quality Groundwat er sanpling and testing
Uses Fiel d survey via |Inspection
Cl i mat ol ogy Precipitation Rai n gauge
Evaporati on Cl ass A evaporation pan
Tenper ature St andard t her nonet er
No. of freezing days M ni mum maxi mum t enper at ure

t her nonet er

W nd direction W nd arrow
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e. Groundwater nonitoring well |ocations, depths, and
configurations.

f. Details illustrating the types and locations for site facilities
and nondi mensi oned configurations to be used, including draining
structures, liners, gas control vents, and onsite roads.

g. Conceptual site closure plan indicating the types of vegetation to
be used for final site |andscaping, onsite appurtenances, and
ot her inprovenents.

h. A conceptual design report, including a description of:

(1) Site conditions, including a description of existing site
si ze, topography and sl opes, surface water, utilities, roads,
structures, |land use, soil and groundwater, subsurface
expl oration data, bedrock, and climatol ogy conditions.

(2) Design criteria including solid waste types and vol unes
expected, fill area dinmensions, and site life.

(3) Operational procedures to be used to inplenent the design
i ncludi ng di scussion of site preparation, solid waste
unl oadi ng, handl i ng, and covering procedures, as well as
equi prent and personnel requirenents.

(4) Environmental safeguards including control of |eachate,
surface water, gas, blow ng paper, odor, flies, etc.

(5) Initial site preparation and devel opment steps.
(6) Site closure and post-closure nonitoring/ mai ntenance pl an

(7) Project cost estimates (generally prepared for in-house uses
only).

2. Construction design plan and specifications:

Construction designs contain, at a mnimm all the elenments of a
conceptual design noted above. |In addition, further details are
provided to enable a bid package to be advertised for a contractor
to fully construct all plan elenments. For exanple, all drainage
structures are conpletely sized; precise |ocations are noted by
coordi nates, bearing, and di stance or other neans; and
environnental control systems, including those for |eachate and
landfill gas nanagenment, are fully designed. Also, a construction
desi gn package will include interimdevel opnent plans showing fil
surface and excavation contours, drai nage structures, and road
alignment at interimsteps in the life of the landfill.

4.2.7 Landfilling Methods and Operations (Tchobanogl ous, Thei sen, and
Eli assen 1977). To use the available area at a landfill site effectively, a



pl an of operation for the placenent of solid wastes nust be prepared. Various
operational nethods have been devel oped, primarily on the basis of field
experi ence. The nethods to fill dry areas are substantially different from
those used to fill wet areas.

4.2.7.1 Conventional Methods for Dry Areas. The principal methods
used for landfilling dry areas may be classified as (1) area, (2) trench, and
(3) depression. (See Figures 4-2-7A, B, and C.) |In addition to these
met hods, which usually are used for unprocessed municipal solid wastes,
andfilling using mlled (shredded or conpressed and bal ed) solid wastes is
al so di scussed.

4.2.7.2 Area Method. The area nmethod is used when the terrain is
unsui table for the excavation of trenches in which to place the solid wastes.
Qperationally (see Figure 4-2-7A) the wastes are unl oaded and spread in | ong,
narrow strips on the surface of the land in a series of layers that vary in
depth from16 to 30 in. Each layer is conpacted as the filling progresses
during the course of the day until the thickness of the conpacted wastes
reaches a height varying from6 to 10 ft. At that time, and at the end of
each day's operation, a 6- to 12-in. layer of cover material is placed over
the conpleted fill. The cover material nust be hauled in by truck or earth-
novi ng equi prrent from adj acent | and or from borrowpit areas.

4.2.7.3 The filling operation usually is started by building an
earthen | evee agai nst which wastes are placed in thin [ayers and conpact ed.
The I ength of the unloading area varies with the site conditions and the size
of the operation. The width over which the wastes are conpacted varies from38
to 20 ft, again depending on the terrain. A conpleted lift, including the
cover material, is called a cell (see Figure 4-2-7A). Successive lifts are
pl aced on top of one another until the final grade called for in the ultimte
devel opnent plan is reached. The |length of the unloading area used each day
shal |l be such that the final height of the fill is reached at the end of each
day' s operation.

4.2.7.4 If a small amount of usable cover material is available at
the disposal site, the ranp variation of the area method is often used (see
Figure 4-2-7B). In this method, solid wastes are placed and conpacted as
described for the area nethod and are partially or wholly covered with earth
scraped fromthe base of the ranp. Additional soil rust be hauled in, as in
the area nethod. Because of increasing costs and the problens associated with
obt ai ni ng usabl e cover material, the use of the ranp method nust be based on a
detail ed economic feasibility study.

4.2.7.5 Balefill Method. Operation is sinmlar to the area nethod
except refuse is conpressed and bal ed then stacked in the area prior to
coveri ng.

4.2.7.6 Trench Method. The trench nmethod of landfilling is ideally
suited to areas where an adequate depth of cover material is available at the
site and where the water table is not near the surface. Typically, as shown
in Figure 4-2-7C, solid wastes are placed in trenches varying from 100 to 400
ft inlength, 3 to 6 ft in depth, and 15 to 25 ft in width. To start the
process, a portion of the trench is dug and the dirt is stockpiled to form an
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FIGURE 4-2-7A - .
Area Method of Operation for a Sanitary Landfill

embankment behind the first trench. WAstes are then placed in the trench
spread into thin layers (usually 18 to 24 in.), and conpacted. The operation
continues until the desired height is reached. The Iength of trench used each
day shall be such that the final height of fill is reached at the end of each
day's operation. The length also shall be sufficient to avoid costly del ays
for collection vehicles waiting to unload. Cover material is obtained by
excavating an adjacent trench or continuing the trench that is being filled.
The trench nethod, however, is not readily anenable to the proposed require-
ments for installation of liners and | eachate collection and treatnment

syst ens.

4.2.7.7 Depression Method. At |ocations where natural or
artificial depressions exist, it is often possible to use themeffectively for
landfilling operations. Canyons, ravines, dry borrow pits, and quarries have
all been used for this purpose. The techniques to place and conpact solid
wastes in depression landfills vary with the geonetry of the site, the
characteristics of the cover material, the hydrol ogy and geol ogy of the site,
and the access to the site.
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Trench Method of Operation for a Sanitary Landfill
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4.2.7.8 If a canyon floor is reasonably flat, the first fill in a
canyon site may be carried out using the trench nethod operation di scussed
previously. Once filling in the flat area has been conpleted, filling starts
at the head end of the canyon and ends at the nouth. An inportant considera-
tion is that since the canyons and ravines are formed by water erosion
andfilling may involve a water course. This practice prevents the accumul a-
tion of water behind the landfill. Wastes usually are deposited on the canyon
floor and fromthere are pushed up agai nst the canyon face at a sl ope of about
2to 1. In this way, a high degree of conpaction can be achi eved. Conpacted
densities as high as 1200 | b/yd® have been reported. Even higher densities

have been recorded in the lower portions of the landfill as the height of the
fill increases.
4.2.7.9 Pit and quarry landfill sites are always |ower than the

surrounding terrain, so control of surface drainage is often the critica
factor in the devel opment of such sites. Also, borrow pits and quarries
usual |y do not have adequate soil or geol ogical properties for landfilling
because they display high perneability and fracturing. As with canyon sites,
pit and quarry sites are filled in multiple lifts, and the nethod of operation
is essentially the same. A key to the successful use of pits or quarries is
the availability of adequate cover material to cover the individual lifts as
they are conpleted and to provide a final cover over the entire landfill when
the final height is reached. Because of settlenment, it is usually desirable
to fill pit and quarry sites to a level slightly above that of the surrounding
terrain. The depression nmethod is also not readily anenable to |iners and

| eachate coll ection system

4.2.7.10 Eval uation of Seepage Potential (Tchobanogl ous, Theisen
and Eliassen 1977). Core sanples nust be obtained to evaluate the seepage
potential of a site that is being considered for a landfill. Sufficient
bori ngs should be nade so that the stratigraphic formati ons under the proposed
site can be established fromthe surface to (and including) the upper portions
of the bedrock or other confining |layers. At the same tinme, the depth to the
surface water table should be determ ned along with the piezonetric water
| evel s in any bedrock or confined aquifers that may be found.

4.2.7.11 The resulting information is then used to (1) determine the
general direction of groundwater novenent under the site, (2) determ ne
whet her any unconsol i dated or bedrock aquifers are in direct hydraulic
connection with the landfill, and (3) estimate the vertical seepage that night
occur under the landfill site.

4.2.7.12 Drai nage and Seepage Control Facilities. |In addition to

t he seepage analysis , it is also necessary to develop an overall drainage
plan for the area that shows the |location of stormdrains, culverts, ditches,
and subsurface drains as the filling operation proceeds. |n sonme cases it may

al so be necessary to install seepage control facilities.

4.2.7.13 To ensure the rapid renoval of rainfall fromthe conpleted
landfill and to avoid the formati on of puddles, the final cover should have a
sl ope of about 1% \Where relatively inpervious cover material such as clay is
used, |esser slope values nay be feasible. The theoretical anmount of water
that could enter the landfill per unit area in a 24-h period for various cover



materials is given in Table 4-2-7A assuming that (1) the cover material is
saturated, (2)a thin layer of water is maintained on the surface, and (3)
there is no resistance to flow bel ow the cover |ayer.

TABLE 4-2-7A
Theoretical Volume of Water that Could Enter Conpleted

Landfill Through 1 ft?of Various Cover Materials in 1 Day
Cover Material Vol ume of Water, ga
Uni f or m coarse sand 9970
Uni f or m medi um sand 2490
Cl ean, well-graded sand and gravel 2490
Uni form fine sand 100
Wel | -graded silty sand and gravel 9.7
Silty sand 2.2
Uniformsilt 1.2
Sandy cl ay 0.12
Silty clay 0. 022
Clay (30%to 50% clay sizes) 0. 0022
Col | oi dal cl ay 0. 000022

4.2.7.14 Clearly, these data are only theo
can be used in assessing the worst possible situatiomrticlah aalwas,prhact it eyt he
amount of water entering the landfill will depend on |ocal hydrol ogica
conditions, the characteristics of the cover material, the final slope of the
cover, and whether vegetati on has been pl anted.

4.2.7.15 Anong the nethods to control the seepage into and out of
landfills are (1) the use of inmperneable cover materials, (2) the interception
of high groundwater before it reaches the fill, (3) equalization of the water
levels within and outside the landfill, and (4) the use of an inpervious |ayer
of clay material or other seal ants.

4.2.7.16 Conventional Methods for Wt Areas. Recently, because of
concern over the possibility of groundwater contam nation by |eachate and

gases fromlandfills and the devel opnent of odors, the direct filling of wet
areas is no |longer considered acceptable. |Installation personnel need to
consult with the state agency before considering disposal in wet areas because
it my be illegal. |If wet areas are to be used as landfill sites, specia

provi sions must be made to contain or elimnate the novenent of |eachate and
gases fromcompleted cells. Usually this is acconplished by first draining
the site and then lining the bottomwith a clay |iner or other appropriate
sealants. If a clay liner is used, it is inportant to continue operation of
the drainage facility until the site is filled in order to avoid the creation
of uplift pressures that could cause the liner to rupture from heaving.

4.2.7.17 Equi pnent
4.2.7.18 A wide variety of equipnent is available fromwhich to

sel ect the proper type and size needed for an efficient operation. The size,
type, and anpunt of equi pment required at a sanitary |landfill depends |largely
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on the size and nmethod of operation and, to sone degree, on the experience and
preference of the operators (Tables 4-2-7B and 4-2-7C). The npbst common

equi prent used on sanitary landfills is the crawer tractor, which can be used
with a dozer blade, trash blade, or front-end |l oader. A tractor is versatile
and can normally performall required operations: spreadi ng, conpacting,

covering, trenching, and hauling the cover material. |If a machine is required
nearly full time for conpaction, it is econom cally advisable to purchase a
landfill compactor. O her types of equi prment conmonly used at |arge sanitary

landfills, where specialized equi pnent increases overall efficiency, are
scrapers, draglines, graders, rubber-tired | oaders, and water trucks. Rubber-
tired tractors are recommended for certain landfill operations. Use of this
type of equi pment, however, |eads to a continuous tire maintenance probl em and
i ncreased equi pnent downtine. Sketches of a crawler tractor, steel-wheel ed
tractors, and sel f-loading scraper are shown in Figures 4-2-7D, E, and F
respectively. Vehicles will have Roll Over Protection/Fall Protection wthout
regard to age of vehicle. (29 CFR 1926.1000.)

4.2.7.19 These types of equiprment are designed to performthe
foll owi ng maj or functions:

1. Wast e Handling. This function includes the noving, spreading, and
conpaction of the waste.

2. Cover Material Handling. Cover material handling includes the
excavation, transportation, distribution, and conpaction of the
cover nmteri al

3. Support Functions. Support functions include the construction and
mai nt enance of the access roads, the control of dust, and protection
agai nst fires.

4.2.7.20 Sanitary landfills that handl e about 150 tons (136 metric
tons), or less, of solid waste per day can normally operate efficiently with
one pi ece of equipment; but provisions nmust be nmade for standby equi pnent.
Large landfills that handle nore than 300 tons (272 netric tons) of solid
waste per day will require nore than one piece of equipnent. At these sites,
speci al i zed equi pnent can be utilized to increase efficiency and minimze
costs.

4.2.7.21 Closure Pl ans

4.2.7.22 Site closure can be both expensive and difficult if it is
not included as part of the initial landfill design

4.2.7.23 Three basic goals need to be achieved. First, closure shal
m nim ze the need for further maintenance at the landfill site. Second,
closure shall place the landfill in a condition that will have the | east
possi bl e detrinmental environnental inpacts in the future. Third, the closure
pl an shoul d consi der preparation of the site for future use.



TABLE 4-2-1B

Aver age Equi pnent

Requi renent s

Equi pent
Dai |l y Tonnage No. Type Size Accessory(1)
0to 41.7 1 Crawl er or rubber- 4536 to Dozer bl ade
metric tons tired tractor 13, 608 kg Landf ill bl ade
(0 to 46 tons) (10,000 to Front -end | oader
30, 000 I b) (0.9- to 1.8-rn)
(1—to 2-yd)
41.7 to 140.6 1 Crawl er or rubber- 13,608 to Dozer bl ade
metric tons tired tractor 27,216 kg Landfill bl ade
(46 to 155 tons) (30, 000to Front -end | oader
60, 000 | b) (1.8- to 3.7-rn)
(2- to 4-yd)
(1) St eel - wheel ed Mul ti purpose
bucket
conpact or
Scr aper
Dragline
Water truck
140.6 to l1to 2 Craw er or rubber- 13, 608 kg Dozer bl ade
281.2 metric tired tractor (30, 000 Front -end | oader
tons (155 to I b) or (1.8—to 4.6-rn)
310 tons) nor e (2- to 5-yd)
(1) St eel - wheel ed Mul ti purpose
bucket
conpact or
Scr aper
Dragline
Water truck
281.2 metric 2 or St eel - wheel ed 11, 690 kg Dozer bl ade
tons (310 tons) nore conpact or (39, 000 Landfill bl ade
or nore I b) or Front -end | oader
(1) Scr aper nor e
Dragline
Road grader
Water truck

(1) Specialized equi prent that can inprove operation efficiency.



TABLE 4-2-7C
Equipment Selection Guidance for Multiple Unit Sites
(from Eldredge 1974)

Equipment
S~
%
Equipment s " o o 2
Function s v & P 2 = 3 “
Q 1 -] o S =3 — = Y4 S
2 & g' e - e 4 S = 3
s 8 3 a s 3 - 2
Spread Refuse A A 0 0 0 0 0 0
Compact Refuse A A A 0 0 0 0 0 0
Excavate Cover A A 0 a(l)  a(l) A A 0 0
Haul Cover
91 m
(300 ft)
or less A A B A 0 C C C 0
91 m-
305 m
(300 ft-
1000 ft) C 0 0 A B C C C 0
More than
305 m
(1000 ft) C 0 0 0 A (N C C 0
Spread Cover A A A B B 0 0 0 B
Compact Cover A A A 0 0 0 0 0 0
Shape Cover B B B B B 0 0 0 A

Excellent choice

Secondary choice

"In-Combination Only" choice

Not applicable or poor choice

Scrapers may require loading assistance in tough soils and
adverse weather conditions

—~—~O O >
s
o

Courtesy of Eldredge, R. W., "Selection of Sanitary Landfill Equipment,"
Waste Age, January/February, 1974.



FIGURE 4-2-7D
Crawler Tractor

FIGURE 4-2-7E
Steel-Wheeled Compactor



FIGURE 4-2-7F
Self-Loading Scraper

4.2.7.24 Tabl e 4-2-7D (Robi nson 1986) identifies tasks that nust
be acconplished during site closure. Some regulatory agencies are requiring
that the devel oper prepare a closure plan as part of the initial plans for the

landfill. If a closure plan has not been devel oped, the tasks identified in
t he tabl e under “Preplanning” nust be conpleted. Preplanning includes
speci fying the final topographical contours for the landfill and establishing

procedures for storm water renoval

4.2.7.25 A source of cover shall be identified when the fill is
designed. |If additional cover material will be needed, it shall be brought to
the site while the landfill is operating. This will ensure that cover is
avail abl e when the landfill is closed, and the cost can be recovered from
current landfill users. Another preplanning element is preparing a
| andscapi ng and vegetative cover plan for inplenmentation upon closure. This
is in addition to planning other features of the landfill such as gas vents,
| eachate collection facilities, or groundwater nonitoring systems. A
schematic of a closed landfill is shown in Figure 4-2-7G | nperneabl e
menbranes are used to control novenent of landfill gases and | eachate.



TABLE 4-2-7D
Site Cl osure Checkli st

Pr epl anni ng

Identify final site topographic plan

Prepare site drai nage plan.

Speci fy source of cover material

Prepare vegetative cover and | andscapi ng pl an.

Identify closing sequence for phase operations.

Speci fy engi neering procedures for the devel opnent of onsite structures.

Annot at e base maps showing | andfill area, tine period, and source for further
details.

Si x Months Before Cl osure

Revi ew cl osure plan for conpl eteness.

Schedul e cl osi ng date.

Prepare final timetable for closure procedures.

Notify appropriate regul atory agency.

Notify site users by letter if they are municipalities or contract haul ers,
and by published announcenent if private dunping is all owed.

At Cl osure

Erect fences or appropriate structures to limt access.

Post signs indicating site closure and alternative disposal sites.
Collect any litter or debris and place in final cell for covering.
Pl ace cover over any exposed refuse.

Three Months After Closure

Conpl et e needed drai nage control features or structures.

Conpl ete, as required, gas collection or venting system | eachate contai nment
facilities, and gas or groundwater nonitoring devices.

Install settlement plates of other devices for detecting subsidence.

Pl ace required thickness of earth cover over landfill.

Establ i sh vegetative cover
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FIGURE 4-2-7G
Use of Impermeable Liners to Control Movement of Gas and Leachate

4.2.7.26 The long-term mai ntenance of a closed landfill site will be
a function of the ultimte site use. Mny current landfills have gas and
| eachate collection systenms that will require continuous attention after

closure. Groundwater nonitoring devices may al so be incorporated into the
design to check the performance of the | eachate control system Qher site
features that will require a degree of attention on a continuing basis are
drai nage control structures and erosion control features.

4.2.7.27 Methan